The Belle Experiment

Measurement of the
Matter/antimatter Asymmetry of
Beauty Quarks

Charge Conjugation and Parity
(CP) Violation



PID (Aerogel)
TOF
Csl

KL/u

= Superconducting

Virginia Tech built the
KL/muon detectors which
consist of 15 layers of
Resistive Plate Counters
interleaved with 1ron plates
surrounding the solenoidal
magnet.







Expid 1 Erp 1 Run 60 Farm 1 Evant 24 [EELY

Eker Cnfdd Eler 0,00 CegtesTIME Tue Mar 23 0Ez37z05 1969 Tt E Theta PH
B EI I E Trgi 1 DAEl BBO 488
20201 #4F 1A
Q - =

4l f pepwy g LT
ftdl—put="12,13,14,16,17,20,23 24,7
qdl—eut =12z




Resistive Plate Counters

Ground plane

Glass electrodes
are used to apply
an electric field
of ~4kV/mm
across a 2mm
gap. The gap
has a mixture of
argon,isobutane
and HFC134a
gas. An 1onizing
particle initiates
a discharge
which
capacitively
induces a signal
on external
pickup strips.
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Resistive Plate Counter Construction
at Virginia Tech

Two sheets of
glass are
separated by
1.9mm Noryl
spacers

epoxied in place

Laying spacers on the glass



Lowering the top sheet of
glass




Applying weights

The epoxy cured
overnight

with pressure applied
by weights




Applying the conducting ink

Conducting ink 1is
applied to the outer
surfaces of the glass
to distribute the
electrical potential.




Sealing with Mylar

The high voltage
electrodes are sealed
with two layers of
mylar.




Signal Pickup Strips

Signals are picked up
on 3cm wide
conducting strips on
either side of the
RPCs




Superlayer Modules

Signals,gas lines and
HYV are accessed on
one end.

This shows signal
cables prior to
completion of the
aluminum superlayer
box

240 modules of 15
different sizes
covering ~1200 m *
were shipped to
Japan




Endcap Efficiency (Superlayer)

Plateau curve
Q V;h = S0mV

Efficiency vs 6—¢
(on plateau)
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Efficiency vs Dark Current

In 1998 summer we contaminated RPCs with water vapor which caused dark current
to increase. During this period, we could measure efficiency vs dark current relations
for single layers.(during data runs, we can only measure the superlayer efficiencies)
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Long Term Variation of Dark Current

2002/01/23 21.59 2002/01/23 21.36
BKLM~-FS1 Darkcurrent vs day EKLM—BSO0 Darkcurrent vs doy
~ 20 ~ 20
. R R 3 )
L - [ - [ < .
£175 | @ £175 | o e >
£ i po 5 - o ) )
+Loyer0 £ o +Loyer0 £ [ i S €
Xlaoyerl8 15 | = 3 Xloyer18 15 [ 5 g g
Loy £ 8 r £ wn 0
BLoyer3 = s BLoyer3 L E o
125 | A £ 125 | A -
alayer: [ E i ]
- 3 —
v 10 | ¥ 10 |
OLayer7 L OLayer7 .
Aloyer8 L o Aloyer8 " {
i 75 B *.o e s
OLayer10 L OLayer10 :
- “~
g @ # : -, 5 ’_ g c
FLayer |2 + 2
i i, ;
s 2+ g 1P WY ii @
0 k. 0
25 F -25 F
+
b
L L
P U PUUUY PUTTY PUUI DTS PIITE FURTY PUURY PIETT PR P AP T FUUUE PUTTN FRUTY FERTE PUUTE PUTTE FEUEY Pee I
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
Doy Doy
last day is Oct 20 2001(2119) last day is Oct 20 2001(2119)

Endcap outer-layers suffer from the beam background. Added 10cm Pb shield in

summer 2000. Reduced Endcap HV and threshold after spring 2001 (8000—7850V,
70—40mV).

When no beam, dark current has no change in barrel, reduces to ~ 1uA for endcap.
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Long Term Variation of Efficiency
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No change for the barrel. Endcap outer layers suffer from the beam background.
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Superlayer Efficiency vs Hit Rate
(2001 fall runs(1200mA/800mA))

efficiency vs hitrate for barrel

hilrate(Hz/cmz)
efficiency vs hitrate for endcap
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e Hit rate at 1200mA/800mA

— Barrel:
case)

— Endcap:

~ 0.02Hz/cm? (~same as no beam

~ 0.1Hz/cm?

e Extrapolation to x10 beam current
(assuming linear)

— Barrel: at most ~ 0.2Hz/cm? at most a few
% efficiency drop, no problem

— Endcap:

~ 1Hz/cm?

significant efficiency

drop, something must be done
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Occupancy vs Superlayer Number in Endcap

e
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2001 fall (1200mA/800mA)

e OQuter layers suffer from beam background.

This pattern started to show  after
210mA/90mA (July 99).

— 10cm thick lead were added to the square-
shaped regions during summer 2000. We
could not turn on the outer-most layers be-
fore this shielding. Some improvement but not
much.

e If a few MeV photons were dominating, the 10cm
thick lead should have reduced the effect to neg-
ligible level.

e Neutron contribution must be dominating now.
Large probability (Giant Dipole Resonance) for ~
10MeV photons to generate a few MeV neutrons
inside the iron and lead.
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Efficiency vs Superlayer Number

Barrel Modules (4 out of 16 shown)

Endcap Modules (4 out of 8 shown)
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Beam Background in Endcap

400

300

200

e Two dimensional hit distribution of
outer-most layer in the Backward
Endcap during fall 2001 runs.

100

e Square-shaped area which is directly
exposed to the machine tunnel is
clearly visible.
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Superlayer Efficiencies
termined using dimuon events during 2001 fall runs (1200mA/800mA)

Barrel (240 superlayers) Endcap (112 superlayers)
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Efficiency
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Muon Detection Efficiency
(determined from ete™ — ete uTu~ events)

P, [GeVic]

L, > 0.1(open), L, > 0.9(closed)

Uncertainly of muon detection effi-
ciency is 2% based on differences
among different methods.
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Cost of BELLE RPCs
built at Virginia Tech

e Material cost - $420k or ~$140/m?
includes everything —
tools,dollies,tables,kimwipes,alcohal, ...

e Labor - $126k or ~$40/m?
technicians and students

e Shipping to Japan - $96k or ~$30/m?

Does not include high voltage or
electronics or the gas system.



Things to Consider

Gas system — no plastic tubing (clean and dry
with pressure control)

Recirculation vs. cost of gas with one volume
change per day?

Assembly location — on site if possible. Avoids
storage,shipping, and duplicate test facilities.
(shipping cost can be significant)

Readout system - large continuous area gives
opportunity for long transmission line pickup
strips and therefore fewer channels/m?2



‘L References

= 'The Klong/muon detector for Belle..."NIM A449
(2000) 112-124

= http://belle.kek.jp/
= http://www.awa.tohoku.ac.jp/html|/BELLE/HTML/
= http://www.hep.princeton.edu/~marlow/ - Dan

Marlow

= http://www.phys.vt.edu/~nmorgan/ -Norman
Morgan

= E-mail: nmorgan@vt.edu

s E-mail: chagner@eta.phys.vt.edu - Caren

tHagner




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


